Objectives: Nitrite inhalants (poppers) are commonly used recreational drugs among MSM and were previously associated with elevated rates of high-risk sexual behavior, HIV and human herpesvirus type 8 (HHV-8) seroconversion, and transient immunosuppressive effects in experimental models. Whether long-term popper use is associated with cancer risk among MSM in the HAART era is unclear.
Introduction
The rising incidence of non-AIDS-defining malignancies (non-ADMs) among HIV-infected individuals in the HAART era is not fully explained by improvement in HAART regimens or traditional risk factors such as immunodeficiency, aging, and smoking [1] [2] [3] . Identifying modifiable behavioral factors affecting cancer risk among persons living with HIVor AIDS (PLWHA) could help to explain this rise in cancer burden and guide the development of prevention strategies targeting these factors. The number of HIV-infected people over the age Recreational drug use is common among MSM who engage in high-risk sexual behavior [12] [13] [14] . One of the most commonly used recreational drugs is nitrite inhalants (amyl nitrite, butyl nitrite, isobutyl nitrite; commonly referred to as 'poppers') [15, 16] . Previous studies have reported significant associations between popper use and higher rates of high-risk sexual behavior and more frequent acquisition of HIV [12, 14, 15, [17] [18] [19] . Despite their potential for harmful effects at high doses [15, 16, [20] [21] [22] , popper use remains prevalent among MSM around the world, ranging from 20-40% among MSM cohorts in the United States, Canada, United Kingdom, and China [12, 14, 19, [23] [24] [25] [26] . Unlike stimulants and other recreational drugs that correlate with high-risk behavior among MSM, poppers have transient immunosuppressive effects in animal models, particularly at high doses with frequent exposure [21, [27] [28] [29] . Poppers gained notoriety early in the AIDS epidemic as a potential cause of AIDS and Kaposi sarcoma [16, 30] , but these notions were later debunked [31, 32] . Thereafter, poppers were associated with increased risk of Kaposi sarcoma in some pre-HAART cohorts [33] [34] [35] , although other studies did not find this association [23, 36] . In subsequent studies, popper use was associated with risk of HHV-8 seroconversion or anal cancer precursor lesions among HIV-uninfected MSM [37] [38] [39] . Together, these findings raise the possibility that long-term popper use may be associated with increased risk of some virus-associated cancers because of associated high-risk behavior, transient immunosuppressive effects, or a combination of both factors. Here, we investigated the association between heavy popper use and cancer risk in a prospective cohort study of HIV-infected and uninfected MSM with shared demographic and behavioral traits as an internal comparison.
Methods

Study cohort
The study is a nested prospective study in the Multicenter AIDS Cohort Study (MACS), an ongoing prospective study of MSM. The MACS was established in 1984, enrolling 6972 HIV-infected and HIV-uninfected MSM over three recruitment waves [1984-85 (n ¼ 4957), 1987-91 (n ¼ 665), and 2001-03 (n ¼ 1350)] across four study sites (Los Angeles, Chicago, Baltimore, and Pittsburgh). Behavioral, clinical, and laboratory data were collected at semiannual visits as described [40, 41] . Eligible participants were 3223 HIV-infected and HIV-uninfected men over the age of 18 with at least one study visit during 1996-2010. Study participants who seroconverted after 1996 were excluded (n ¼ 143). Institutional Review Boards at each study site approved the research and all participants provided written informed consent.
Data collection and risk factor classification
The MACS public data set release 23 (p23) was translated to a local SQL database and used for the analyses. Nitrite inhalant (popper) use was the primary exposure of interest. Self-reported popper use, recorded at semiannual visits, was used to characterize longitudinal patterns of use. Study participants reporting daily or weekly popper use for at least 1 year of study enrollment were classified as heavy users; light use (monthly or less) or no use comprised the control group. Cumulative exposure was defined as a continuous variable (mean days of use per year over first 5 years following enrollment). Polydrug use was defined by at least weekly amphetamines, cocaine, crack, or heroin use for at least 1 year during follow-up. The number of male sexual partners and sexually transmitted infections (syphilis and genital warts) was summarized over the first 3 visits following enrollment to avoid bias resulting from longer follow-up. Early HAART (1996 HAART ( -2000 and late HAART (2001-2010) eras were treated as time-varying covariates. Antiretroviral therapy use, mean viral load, and mean CD4 þ or CD8 þ cell counts and CD4 þ /CD8 þ ratios were summarized as time-varying covariates using data from the last two visits because recent values are more likely to impact cancer risk.
Cancer outcomes
A total of 327 fatal and nonfatal incident cancers occurring during the study period were classified using International Classification of Diseases for Oncology, third edition (ICD-O-3) codes. Incident cancers (excluding basal cell carcinoma and benign cancers) were ascertained continuously during follow-up using cancer registry linkage data, available medical records and death certificates, and self-reported cancer diagnoses [40] . Cancers were classified into 10 categories based on body sites and histology [40] . A subset of analyses employed a composite category, 'virus-associated cancers', comprised of diagnoses associated with infection by the oncogenic viruses EBV [non-Hodgkin lymphoma (NHL) and Hodgkin lymphoma], HHV-8 (Kaposi sarcoma), and HPV (anal cancer). Liver cancer and squamous cell carcinoma of the skin, which are associated with HBV/ HCV or certain oncogenic subtypes of HPV, respectively, were not included in this composite category because of low HBV/HCV prevalence and confounding by ultraviolet exposure, respectively. ICD-O-3 site codes for anal cancers were 21.0-21.8 and 19.9-20.9 based on a prior study in the MACS cohort [41] . ICD-O-3 site codes for oropharyngeal squamous cell carcinoma were 2.9, 4.9, and 10.2. AIDS-defining malignancies were Kaposi sarcoma and NHL, whereas other cancers were non-ADMs.
Statistical analysis
Incidence rates per 100 000 person-years were calculated by dividing the total number of incident cancers by cumulative years of follow-up. Follow-up was defined by last visit, death, or first instance of the incident cancer. Study participants with multiple cancer diagnoses were evaluated for each cancer individually [40] and those with multiple reports of the same type of cancer at different body sites were counted only for the first instance. A diagnosis of the incident cancer before 1996 was left censored. Poisson regression models adjusted for age, race, and calendar period (early vs. late HAARTera) were used to examine the association of risk factors with the 10 most common cancers. In models stratified by HIVinfection status, interaction between heavy popper use and age was tested for significance; interaction between heavy popper use and HIV-infection status was also tested in unstratified models. Analyses restricted to HIVinfected study participants were adjusted for age, race, heavy popper use, calendar period, and time-varying CD4 þ cell count (<200 vs. 200 cells/ml) and plasma viral load (>400 vs. 400 HIV RNA copies/ml). Categorical and cumulative exposure models were stratified by HIV-infection status and age, adjusted for race, calendar period, and number of sexual partners, and sequentially adjusted for immunological parameters (CD4 þ cell counts or CD4 þ /CD8 þ ratios), HBV/ HCV, sexually transmitted infections (syphilis or genital warts), smoking, and polydrug use. Study participants with missing values for time-varying CD4 þ cell count or viral load (approximately 10% of HIV-infected study participants) were excluded from adjusted analyses. Analyses of skin cancers were restricted to whites (n ¼ 2108) because of limited outcomes in non-whites. Lung cancer incidence was evaluated only in study participants who reported smoking on at least one study visit (n ¼ 2426). Statistical analysis was performed in R version 3.2.1 (R project for Statistical Computing, Vienna, Austria).
Results
Cohort characteristics of groups by HIV infection and popper use
We identified a cohort of 3223 men (HIV-uninfected, n ¼ 1660; and HIV-infected, n ¼ 1563) enrolled from 1996-2010, contributing 28 849 person-years with median follow-up of 11 (IQR 7-14) and 8 (IQR 5-14) person-years, respectively ( Table 1) . Heavy popper users (20.3 and 33.0% of HIV-uninfected and HIVinfected study participants, respectively) were slightly older at entry, with more accrued follow-up, sexual partners, and sexually transmitted infections (syphilis and genital warts) and less non-whites and HBV/HCV coinfected study participants compared with controls of the same HIV status. Heavy popper users reported significant exposure over time, though longitudinal patterns of use varied between individual study participants (Supplemental Digital Content 1, http:// links.lww.com/QAD/B60). Heavy popper users reported more daily marijuana use (20.3 vs. 10.9% and 23.4 vs. 16 .0% for HIV-uninfected and HIV-infected popper users vs. controls, respectively) and weekly or more amphetamine use (2.9 vs. 1.5% and 8.4 vs. 2.8% for HIV-uninfected and HIV-infected popper users vs. controls, respectively). Heavy popper users and respective control groups had similar time-varying CD4 þ and CD8 þ cell counts, CD4 þ /CD8 þ ratios, percentage with viral load more than 400 copies/ml (at or above the limit of detection of the available test at some earlier visits), and antiretroviral therapy use (Table 1 ) and similar mean CD4 þ cell counts across calendar years 1996-2010 (Supplemental Digital Content 2, http://links.lww.com/ QAD/B60). The number of enrolled study participants increased in 2002-2003 because of the last recruitment wave, which focused on enrolling more racial/ethnic minority men.
Crude incidence rates of virus-associated and nonvirus-associated cancers
A total of 327 incident cancers were identified among 296 participants: 269 with a single cancer diagnosis, 24 with two cancer diagnoses, and three participants with three or more cancer diagnoses. The analysis of cancer risk focused on categories with at least 10 incident cancers. Crude incidence rates of NHL, squamous cell carcinoma of the skin, prostate cancer, and other cancers were higher in heavy popper users than controls among both HIVinfected and uninfected study participants ( Table 2 ). The crude incidence rate of anal cancer was higher among heavy popper users only in HIV-uninfected study Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved. participants, whereas the crude incidence rate of melanoma was higher among heavy popper users only in HIV-infected study participants. Overall, a trend of increased rates of virus-related cancer was observed among heavy popper users compared with respective control groups. As expected, we observed increased rates of Kaposi sarcoma, NHL, anal cancer, Hodgkin lymphoma, liver cancer, and lung cancer among HIVinfected compared with HIV-uninfected study participants.
Heavy popper use and risk of individual cancers
Heavy popper use was associated with significantly elevated risk of NHL (IRR, 1.98; 95% CI, 1.1-3.57) and marginally elevated risk of squamous cell carcinoma of the skin (IRR, 1.54; 95% CI, 0.9-2.63) only in unadjusted models (Table 3 ). Heavy popper use was not associated with risk of any incident cancers in adjusted models. By contrast, HIV-infection was associated with increased risk of Kaposi sarcoma (IRR, 29.66; 95% CI, 7.07-124.44), NHL (IRR, 5.63; 95% CI, 2.73-11.59), anal cancer (IRR, 6.79; 95% CI, 2.75-16.78), squamous cell skin cancer (IRR, 1.91; 95% CI, 1.11-3.3), and liver cancer (IRR, 4.21; 95% CI, 1.03-17.28) and showed marginally significant association with risk of lung cancer in adjusted analysis (IRR, 2.89; 95% CI, 0.94-8.92); the association between HIV infection status and risk of prostate cancer or melanoma was null. All cancers except Kaposi sarcoma and melanoma had significantly higher incidence rates in study participants aged 50-60 and older than 60 compared with those aged less than 50.
Heavy popper use and risk of virus-associated cancer in HIV-infected study participants
Next, we evaluated the most prevalent virus-associated cancers in analyses of only HIV-infected study participants (Table 4 ). Heavy popper use showed borderline association with NHL (IRR, 1.91; 95% CI, 0.98-3.73) only in unadjusted analysis; the association was nonsignificant in models adjusted for age, race, CD4 þ cell 1172 AIDS 2017, Vol 31 No 8 These analyses restricted to HIV-infected study participants showed no significant associations of popper use with virusassociated cancers in adjusted models.
Heavy popper use and risk of virus-associated cancer in HIV-uninfected study participants Next, we evaluated the association between heavy popper use and risk of virus-associated cancers in HIV-uninfected study participants. Given low numbers of individual virus-associated cancers ( Table 2) , statistical power was not sufficient to investigate individual cancers. Therefore, we used a composite category of virus-associated cancer comprised Kaposi sarcoma, NHL, Hodgkin lymphoma, and anal cancer. The interaction between older age and heavy popper use was significant in adjusted models evaluating the composite of virus-associated cancer in HIV-uninfected study participants (P ¼ 0.041). Furthermore, the burden of virus-associated cancer as a proportion of all incident cancer was higher in heavy popper users vs. controls among older HIV-uninfected study participants (43.75 vs. 18.75% incident cancers for heavy users vs. controls aged 56-70, respectively; P ¼ 0.066, x 2 test). This association in older HIVuninfected study participants was further evaluated in Poisson regression models with sequential adjustment for CD4 þ cell counts, HBV/HCV, sexually transmitted infections, smoking, and polydrug use. Heavy popper use was associated with increased risk of the composite of virus-associated cancers among HIV-uninfected study participants aged 50-70 years in models adjusted for 1176 AIDS 2017, Vol 31 No 8 
Discussion
In this prospective study of HIV-infected and uninfected MSM in the HAART era, the association between heavy popper use and risk of any individual cancer was null. However, heavy popper use was independently associated with increased risk of virus-associated cancers with causes linked to HPV, HHV-8, and EBV among older HIVuninfected men aged 50-70 in categorical and cumulative exposure models adjusted for number of sexual partners, CD4 þ cell counts or CD4 þ /CD8 þ ratios, HBV/HCV, sexually transmitted infections, smoking, and polydrug use. Frequent popper use was associated with high-risk sexual behavior, as previously described [12, 14, 15, [17] [18] [19] , thereby increasing probability of exposure to HPV and HHV-8. However, we did not detect a significant association between number of sexual partners or sexually transmitted infections and risk of virus-associated cancer in HIV-uninfected study participants. Previous studies demonstrated transient immunosuppressive effects of poppers, which may increase efficiency of transmission and replication of some oncogenic viruses, especially when popper exposure occurs at high doses [16, 21, 27, 28, 42] . Given these findings, it remains unclear whether the excess risk of virus-associated cancer associated with popper use is related to more sexually transmitted viral infections, transient immunosuppression, or other mechanisms.
A previous study reported increased risk of anal cancer precursor lesions in MSM with recent popper use at any level [37] . Here, we provide further evidence that popper use, in particular daily or weekly use for one year or longer, is associated with risk of virus-related cancer in HIV-uninfected MSM and this risk becomes more significant over the age of 50. The early cohort enrolled in 1984-85 had more older men with heavy popper use, but sensitivity analyses excluding the last cohort enrolled in 2001-2003 did not attenuate the association of popper use with risk of virus-related cancer in older HIVuninfected men. Thus, our main findings are influenced by age and HIV serostatus, but not confounded by calendar period.
Contrary to expectations, we did not find an association between heavy popper use and risk of virus-associated cancer among HIV-infected study participants. The most likely explanation for this lack of effect of poppers in HIVinfected study participants is the stronger effect of HIVrelated immunodeficiency on risk of virus-associated cancer compared with any effects of popper use. Furthermore, HHV-8 and high-risk HPV seroprevalence is likely to be higher among HIV-infected compared with HIV-uninfected study participants, irrespective of popper use. HIV infection was associated with increased risk of two HPV-associated cancers, anal cancer and squamous cell carcinoma of the skin. Ultraviolet radiation exposure is the major risk factor for squamous cell carcinoma of the skin in the general population, but emerging evidence implicates oncogenic HPV subtypes as an etiologic agent or cofactor [43, 44] . While low time-updated CD4 þ cell count was associated with risk of anal cancer in HIVinfected individuals, consistent with [45, 46] , timeupdated viral load (> 400 copies/ml) was associated with risk of squamous cell carcinoma of the skin. The association of recent viral load with squamous cell carcinoma of the skin contrasts with findings of an earlier study [47] , but is consistent with Silverberg et al. [48] .
Several studies reported reduced risk of prostate cancer among HIV-infected men compared with age-matched controls [49, 50] . In contrast, we found similar incidence rates of prostate cancer in HIV-infected men vs. controls with similar demographic and behavioral traits. These conflicting results for prostate cancer incidence rates by HIV status may be explained by: lower prevalence of AIDS in our study compared with earlier studies; HAART era study period and adjustments for early vs. late HAART era in our study, which reduces competing risks related to immunodeficiency; and differences in screening rates and ascertainment bias. Similar to findings in the general population, prostate cancer risk had high racial disparity, with two to three-fold higher risk among African-Americans [50] .
Limitations of this study are similar to other cohort studies of this scale [40, 41] in that statistical power was limited by the number of cases. We did not have a sufficient number of individual virus-associated cancers to evaluate their associations with popper use in HIV-uninfected study participants, so it remains possible that an association could have been missed. Ascertainment bias may be another factor contributing to imprecise estimates of cancer risk. Heavy popper users tend to have more years of education and may also have more engagement with medical care, whereas HIV-negative MSM may have less ascertainment of anal cancer compared with HIV-positive MSM. Polydrug use, which is more frequent among heavy popper users, may also contribute to imprecise estimates of cancer risk. However, adjustment for polydrug use did not attenuate the association of popper use with risk of virus-associated cancer in HIVuninfected men. A previous study reported increased risk of anal cancer precursor lesions with recent popper use at any level [37] ; we detected higher crude incidence rates for anal cancer in HIV-uninfected men with heavy popper use vs. controls, but no significant association in adjusted analyses. The low number of cases and underascertainment of anal cancers may contribute to these discrepant findings. Last, we lacked direct evidence supporting the viral origin of virus-related cancers, some NHL subtypes are not virus-related, and HHV-8 or EBV virological markers were not available in the MACS public data analyzed herein. Despite these limitations, we identified several significant associations in univariate and multivariate analyses that warrant further investigation in larger cohorts.
In conclusion, we evaluated the association between longterm heavy popper use and cancer risk in a longitudinal cohort of MSM using a nested prospective study design that integrated clinical, laboratory, and behavioral data. Although heavy popper use was not associated with increased risk of any individual cancers among all men, daily or weekly popper use for at least 1 year and increasing cumulative exposure were associated with elevated overall risk of virus-associated cancers with causes linked to HPV, HHV-8, and EBV in HIV-uninfected MSM aged 50-70 years. These findings suggest that prevention strategies targeting popper use may reduce the burden of these virusassociated cancers in MSM.
